The present study investigated the epirubicin (EPI) permeability of various commercially available glove types, as well as toxicity mechanisms and effects on human keratinocyte cell line (HaCaT). Permeability experiments were carried out on various commercially available gloves, differing as regards material and thickness. Permeability was evaluated after different ''contact times'' and the influence of EPI solution's pH (acid and neutral) on permeability was also examined. Toxicity of EPI toward skin was tested by evaluating the effects of the drug on cell growth and apoptosis, by using an in vitro model based on cultured immortalized human keratinocytes. No permeation was detected in the case of EPI neutral solutions; in contrast, acid solutions were found to penetrate low thickness nitrile gloves. Obtained results also showed the induction of apoptosis in epithelial cells through the activation of intrinsic pathway p53-independent occurring even when cells are exposed at low drug concentration. EPI solution's pH influences the glove's permeability; once penetrated, EPI at concentrations lower than those able to penetrate the nitrile glove during the 8-h work-shift can cause apoptosis in epithelial cells. The findings reported here highly support the choice of either natural rubbers gloves or high thickness nitrile ones for preventing the occupational exposure to EPI.
INTRODUCTION
Cytotoxic agents used in cancer treatment therapies are not selective toward malignant cells, as they act on high mitotic index tissues, such as bone marrow, hair bulbs epithelia, and so on. 1 Toxic side-effects of various antiblastic drugs are well-known, and already since the end of 1970s, cytostatic handling by nurses were correlated to increased urinary mutagenicity. Actually, the sanitary staff, who have to handle such drugs before administration to patients, are exposed to high absorption risks and during the decades, numerous studies have been published about the environmental contamination degree and the consequent absorption of active principles during the work activities. 2--10 As a consequence from all these scientific studies, various guidelines were issued for a correct antineoplastic drugs management in occupational contexts. 11--13 During drug preparation, the risks of aerosol formation, with consequent environmental pollution, are particularly high, and several authors agree upon considering the adoption of both general and individual protective measures for workers in healthcare. In particular, the handling of cytostatics by adequately trained personnel, the use of vertical laminar-flow hoods, antispilling devices, facial masks, protective clothing and suitable gloves are some of the most recommended protective measures.
When focusing on skin absorption, the choice of the most suitable gloves as personal protective equipment is crucial. Within European countries, the reference regulation is represented by the EN 374 norm, 14 which defines the technical characteristics of gloves to be used for protection against chemicals, as well as the criteria for the evaluation of chemicals penetration and permeation. This European indication has been transposed into Italian Legislation in 1999, assessing that, in the case of protection against cytostatics, lubricant powder-free double-latex gloves are recommended and that they should be changed every 30 min with a thorough hand washing. 15 In principle, gloves' resistance toward chemicals differs according to materials, but is also influenced by glove thickness, and, when considering the different chemical--physical properties of the numerous drugs commonly used in therapies, no material can ensure a long-term chemical resistance and a complete impermeability to all active principles.
Besides, even if gloves' manufacturers always perform permeability and chemical resistance tests, only few independent scientific studies supporting the firms are available. 16--19 In addition, most literature scientific studies investigated cutaneous effect after drug administration, 20--22 while only few authors reported the effects of a direct skin--drug contact. 23--25 Even less are the scientific studies investigating gloves permeability to chemicals handled in occupational contexts different from hospitals' drugs preparation rooms, such as occupational medicine laboratories and/or of synthesis industries. 16 In particular, Boccellino et al. 16 focused the attention on doxorubicin, an anthracycline antibiotic, extensively used in oncological therapies and performed permeation experiments at different pH, highlighting the crucial role of such parameter on gloves' performances. Doxorubicin long-term clinical use is limited by the development of a cumulative dose-related cardiotoxicity and because of its probable carcinogenicity to humans. 1, 26, 27 In contrast, less severe toxic side-effects are reported for epirubicin (EPI), synthesized with the aim of finding a semi-synthetic doxorubicin analogue with an improved activity spectrum. 28, 29 EPI is commonly used for the treatment of breast, ovarian, pancreatic and gastric cancer, non-Hodgkin's lymphomas, softtissue sarcomas and acute leukaemia, 29 and results of various trials showed significant increase in the overall survivals for patients treated with an EPI-based therapy with respect to other antiblastic drugs. 30 Toxic effects following EPI administration include mucositis, nausea, vomiting, reversible alopecia, local cutaneous reactions, acute dose-limiting myelotoxicity and cumulative doserelated cardiotoxicity. 29, 30 Nevertheless, up to now, EPI was not yet classified by the International Agency for Research on Cancer, highlighting the importance of performing studies investigating its toxicity. Moreover, with respect to doxorubicin, patients under equimolar EPI therapy showed a better tolerability and a less severe cardiotoxic, so that higher doses can be administered with acceptable cardiac damage. 31 Within this context, the study reported here was aimed to evaluate both gloves' permeability and EPI toxicity, by focusing the attention on epithelial cells.
Permeability experiments were carried out on various commercially available gloves, taking into consideration both gloves thickness and various permeability time intervals, that is, various ''contact times'' between gloves and EPI solutions. Besides, in order to investigate the most suitable gloves to be used as personal protective equipment according to different working contexts, the influence of EPI solutions' pH on permeability was also examined, by repeating experiments at acid and neutral pH.
The basic environment was not tested, owing to the well-known complete degradation of the active principle in basic conditions. Toxicity of EPI toward skin was tested by evaluating the effects of the drug on cells growth and apoptosis, by using an in vitro model based on cultured immortalized human keratinocytes.
MATERIALS AND METHODS

Permeability Experiments
Among commercially available gloves, natural rubber Gloves Chemoprotect (CODAN, Medizinische Gerate, Lensahn, Germany), natural rubber Cytostatic-Protective Gloves Z þ (Berner International GmbH, Elmshorm, Germany), and two nitrile gloves N-DEX UTIMATE (Best Manufacturing Company, Menlo, GA, USA) of different thickness (0. 1--0.3 mm) were tested toward EPI permeation. Idarubicin (IDA) was used as internal standard for quantitative determinations. EPI (Farmorubicin 10 mg/5 ml), and IDA solutions of EPI at concentration 2 mg/ml were obtained by dissolving the entire drug flacon, containing 10 mg of EPI, with 5 ml of either physiologic (0.9% NaCl) or acid (0.05 M HCOOH, pH 2) solution. IDA standard solutions at concentration 5 mg/ml were obtained by adding 2 ml bidistilled water to 10 mg drug flacons.
Permeability experiments were performed under static conditions, as previously reported. 16 Briefly, for each of the four different glove types, four sets of two gloves were challenged with 1 ml of 2 mg/ml EPI physiologic or acid solution. EPI solutions were left in contact with each gloves set for different contact times: 0 (reference starting point: gloves were immediately analyzed), 0.5, 1 and 8 h. Then, for each glove set, the first glove was used for the external side wiping, while the second one was wiped after having been turned (internal side). All experiments were repeated in triplicate, for a total of 192 experiments: ((2 gloves) Â (4 contact times) Â (2 solutions)) Â 3 independent replicates Â 4 glove types ¼ 192 experiments. Wipe tests were performed by using 10 Â 10 cm 2 gauze (TNT, Farmac-Zabban, Italy), soaked in 2 ml of a 0.05 M HCOOH, pH 2, aqueous stabilizing solution. 16 Then gauze, after having been placed in 50 ml polypropylene tubes, were challenged with an additional aliquot of stabilizing solution (18 ml) and spiked with the internal standard (100 ml of 5 mg/ml IDA solution). After 30 min sonication and 30 min centrifugation at 4000 rpm, samples were subdivided in aliquots of 3 ml and processed according to the below reported analytical procedure.
Analytical Procedure
StrataX cartridges (33 mm Polymeric Reversed Phase, 500 mg/6 ml and 60 mg/3 ml, from Phenomenex, St. Torrance, CA, USA) were used for analyte purification from gauzes by solid phase extraction. The analytical procedure consisted in an initial cartridge conditioning phase (3 ml methanol followed by 2 ml bidistilled water), then, after sample loading (3 ml) and cartridges washing (1.5 ml of 0.05 M HCOOH), analytes were eluted with 3 ml of a mixture 50/50 (v/v) isopropanol/dichloromethane. The elution step was repeated twice, and then the eluate was dried under nitrogen stream, reconstituted in 1 ml 0.05 M HCOOH, and analyzed by HPLC/FL (fluorescence). During solid phase extraction, the system pressure was kept constant at 5 mmHg.
Analytes separation was performed by using HPLC grade-solvents from Carlo Erba (Milan, Italy), a BDS HyperClone C8 (150 mm Â 4.60 mm, 5 mm, 300 Å) column (Phenomenex) and a modular 1100 series HPLC, equipped with a 1100 series Autosampler/Degasser and a 1200 series Fluorescence detector, all from Agilent (Palo Alto, CA, USA). Data were acquired and processed using the ChemStation program (Rev A 09.03, from Agilent). The chromatographic separation was performed with the following parameters: 0.05 M HCOOH, pH 2, buffer A; acetonitrile, solvent B; elution gradient, 2 min at 30%B, 30--100%B in 16 min; flow, 1 ml/min; excitation wavelength, 460 nm; emission wavelength, 580 nm. Retention times of 5.6 min and of 8.4 min were obtained for EPI and IDA, respectively.
EPI Quantification and Permeation Percentage Evaluation
Calibrator samples were prepared by adding known volumes of EPI and IDA solutions at known concentrations to each gloves type, in order to have known variable EPI concentrations in the range 0.006--2.0 mg/glove. Then gloves were immediately analyzed as above described and linear calibration curves were calculated. Before quantifying EPI coming from permeability experiments, validation parameters of the quantification analytical procedure were determined by following Food and Drug Administration Guidelines. 32 The specificity of the method was determined by analysing blank wipe samples (prepared without adding EPI and IDA) and zero-point samples (spiked with the internal standard only). The limits of detection and of quantification (0.207 and 0.345 mg/dm 2 , respectively) were calculated by analyzing six blank samples. Results from the analysis of quality control samples prepared at known EPI concentration were used to evaluate the accuracy and the precision (in terms of CV%) of the analytical method, obtaining percentage values ranging from À4.3% to À2.5% and from 6.0% to 7.2%, respectively.
Mean values, SDs and graphical representations related to both validation and permeability experiments were obtained by using Microsoft Office Excel 2007.
Permeation percentage evaluation was based on EPI calculated concentrations, in order to take into account the analytical experimental errors deriving from sampling, extraction and quantification steps. Consequently, for all the four contact times tested, the sum of EPI concentrations measured on internal and external gloves sides (Dex t þ Din t , where t refers to the contact time) was calculated and the mean concentration, D M ¼ S(Dex t þ Din t )/4, was used for the permeation percentage evaluation at each contact time, as P t ¼ Din t /D M Â 100.
Cell Apoptosis Assay
Cell apoptosis was analyzed by annexin V-FITC and PI double staining (Becton Dickinson, San Jose, CA, USA). Cells were used for all experiments when grown to subconfluent monolayers. For apoptosis evaluation subconfluent cells were treated, for 24 h, with various concentrations (0.0005--0.002 mg/ml) of EPI (Farmorubicin 10 mg/5 ml, Pharmacia Italia S.p.A., Milan, Italy).
From each well, 2 Â 10 5 cells were harvested, and the supernatant was collected by centrifugation at 1000 Â g for 5 min. The pellet was washed with PBS buffer once, resuspended in 100 ml 1 Â binding buffer, supplied with 5 ml annexin V and 5 ml PI (final concentration of 10 mg/ml), incubated for 15 min in the dark, added with 400 ml of binding buffer, and assayed for cell apoptosis by flow cytometry (Becton Dickinson). The results were analyzed using FACS DIVA software (Becton Dickinson). Cells that underwent early-stage apoptosis were stained only with annexin V-FITC. Other cells at late stage of apoptosis and necrotic cells were stained with both annexin V-FITC/PI.
Western Blotting Analysis
The supernatant of whole-cell lysates was boiled for 5 min and then subjected to SDS/PAGE (7.5%) under reducing conditions (5% bmercaptoethanol). After the transfer of proteins onto nitrocellulose, the blots were blocked with 5% non-fat dry milk in 20 mM Tris/HCl, pH 7.5, 500 mM NaCl plus 0.1% Tween 20 (TBS-T), except the antiphosphotyrosine immunoblot, which was incubated in 2% BSA--TBS-T. The membranes were subsequently incubated in agitation at 4 1C overnight in 1% BSA--TBS-T buffer containing the specific antibody against p53, caspase-9 and caspase-3. After four times washing with TBS-T, the blots were incubated for 1 h at room temperature with the second antibody conjugated to peroxidase, washed four times with TBS-T, developed with ECL detection reagents (Amersham, Little Chalfort, Buckinghamshire, UK) for 1 min and exposed to X-Omat film (Eastman Kodak Co., Rochester, NY, USA).
RESULTS
Gloves Permeability
Gloves are one of the most used preventive measures protecting workers both from cutaneous allergic phenomena and from drugs/chemicals percutaneous absorption. The choice of the suitable gloves as personal protective equipment depends on the working context (determining the specific chemical agent under investigation) and on gloves' resistance and permeability characteristics.
The present study focused on the evaluation of the protection degree of different types of gloves against EPI absorption, by performing permeability experiments.
Gloves types were chosen among those commercially available and largely used to ensure protection both in oncology departments, where EPI is solved in physiological (neutral) solutions, and in analytical laboratories, where EPI acid solutions can be used.
Two different glove materials (natural rubber and nitrile) were tested, and the influence of gloves thickness on performances were evaluated: natural rubber gloves of 0.1 mm thickness commercialized by two different manufacturers and two nitrile gloves of different thickness (0.1 and 0.3 mm), commercialized by the same manufacturer, were analysed.
As regards the choice of the contact times (or permeation times) to be tested, as above reported, Italian Guidelines suggest to change gloves at least after 30 min; however, in the authors' experience, workers often wear gloves for longer than 2 h or for the whole turn-shift. Consequently, permeation experiments were carried out by testing contact times of 0.5, 1 and 8 h.
Health Facilities. Permeability experiments were carried out miming nurses' working conditions, that is, by using EPI physiologic solutions at concentrations resembling those commonly used by nurses during the preparation and the administration of the investigated drug for antitumor therapy purposes.
As above reported, for each glove type tested, two identical gloves were used for each contact time (t), in order to determine the amount of EPI on the glove external side (Dex t ) and on the internal one (Din t ).
Up to 8 h, the drug was not detected on gloves internal sides, demonstrating that all the examined gloves types, both that in natural rubber and those in nitrile with different thickness, were adequately protective for full shift exposure to EPI. As an example, results obtained with 0.1 mm thickness nitrile gloves are reported in Figure 1 , panels a and b. Such findings, in accordance with those obtained for doxorubicin under the same conditions, 16 suggest that when handling EPI solutions at neutral pH, no drug absorption should occur.
Nevertheless, despite the use of optimal personal protective equipment, many authors reports non-negligible drugs intake, likely due to incorrect gloves use and/or modality to take them off (leading to a contact with contaminated biological matrices) or to wrong habits and hygienic conditions, such as consuming foods and beverages within the drugs preparation rooms, still wearing potentially contaminated gloves. Taking into account these observations, the obtained results support the use of either natural rubber or nitrile gloves in health facilities, where EPI physiologic solutions are handled, but, at the same time, highly suggest of providing training courses focused on gloves correct use, in order to prevent EPI absorption.
Analytical and Chemical Synthesis Laboratories. Besides the hospital's oncology departments, occupational exposure to cytostatics can occur in other working contexts where drugs' handling often implies the use of solutions at acid pH. Examples are given by analysts involved in epirubucin dosage during environmental and biological monitoring campaigns and workers of chemical industries producing commercial formulates.
Gloves permeability to EPI in acid conditions was evaluated by solubilizing EPI in 0.05 M HCOOH, pH 2, the solvent commonly used in analytical laboratories for drug quantification. 6 Natural rubber gloves coming from both the examined manufacturers' ensured complete impermeability up to 8 h contact time, as well as nitrile gloves of 0.3 mm thickness. On the contrary, experiments performed on low thickness nitrile gloves showed detectable amounts of EPI on the internal glove side with respect to the external side (Figure 1, panels c and d) .
The quantification of the amount of EPI permeating 0.1 mm thickness nitrile gloves was made taking into account the analytical experimental error, so the total EPI concentration found on the internal and external surfaces (Dex t þ Din t ) was calculated for each of the four contact times (or permeation time) tests. Mean value (D M ¼ S(Dex t þ Din t )/4) of 1.98 ± 0.13 mg (against a nominal value of 2 mg) was obtained, and considered as the 100% of the EPI amount added to each glove. Percentage permeability at each contact time (P t ) corresponded to the percentage ratio between EPI concentration detected on the internal glove side (Din t ) and the mean calculated value (P t ¼ Din t /D M Â 100). Table 1 reports EPI percentage permeability obtained for 0.1 mm thickness nitrile gloves: about 1% permeation was obtained immediately after the deposition of the EPI acid solution on the glove (contact time zero), remaining almost constant up to 1 h, while an increment to 1.4%, corresponding to 0.0272 mg of EPI, which penetrated the examined gloves, was registered after 8 h.
The obtained results were compared with those previously reported, 16 with regard to nitrile glove permeation by doxorubicin (0.56% of permeation, corresponding to 0.0112 mg of doxorubicin). Despite the structural analogies of the two investigated anthracyclines, the comparison between the measured permeation percentages highlights worst performances of the nitrile gloves against EPI.
Results from permeation study highly suggest that, for preventing EPI cutaneous absorption, natural rubber gloves or, alternatively, nitrile gloves of thickness greater than 0.1 mm have to be adopted in all occupational contexts involving the handling of EPI solved in acid environment.
EPI Induces Apoptosis in Human Keratinocyte Cell Line (HaCaT) Cells
The ability of EPI to induce apoptosis in HaCaT cells was investigated by using annexin V-FITC/PI double-staining and then analyzed by a FACS can flow cytometer.
Cells that undergo early apoptosis are usually characterized with phosphatidylserine exposure at the outer leaflet of the plasma membrane. Based on their annexin V-affinity, apoptotic cells can be distinguished from annexin V-negative living cells by using cytometric procedures. Furthermore, the double-labelling assay, annexin V combined with PI allows a further distinction of necrotic (annexin VÀ/PI þ ) or late apoptotic (annexin V þ /PI þ ) cells versus early apoptotic cells (annexin V þ /PIÀ). When cells were treated for 24 h with different concentrations of EPI (0.0005, 0.00075, 0.001, and 0.002 mg/ml), the percentages of viable cells were greatly reduced to (8.1 ± 1.3)%, (9.2 ± 1.7)%, (3.8 ± 2.3)% and (3.6±3.3)%, respectively (Figure 2, panel a) . In contrast, early and late apoptotic cells were increased, in particular the percentages of apoptotic cells evidenced by Annexin V-positive staining were 4.1%, 55.5%, 56.3%, 62.4% and 39.8% when cells were untreated or treated with increasing amounts of EPI, respectively ( Figure 2, panel b) . It is noteworthy that the lower percentage of early apoptosis of course is coupled with an increase in late apoptosis as can be seen in the Figure 2 , panel b. These studies indicate that EPI induces apoptosis in HaCaT cells in a dose-dependent manner.
Effect of EPI on p53 Expression in HaCaT Cells
Then, the mechanism of apoptotic induction by EPI on HaCaT cells was studied by verifying whether it is mediated through regulation of p53 protein expression. This protein elicits either cell cycle arrest or apoptosis, depending on the extent of DNA damage. Deconstruction of p53-mediated apoptosis reveals an extensive network of signaling pathways triggered by p53 to ensure an appropriate response to a given stress. However, p53 can intervene at every major step in apoptotic pathways: from extrinsic death receptor signaling, through the convergent pathway component Bid, to the intrinsic mitochondria pathways involving apoptosome formation, and culminating in direct caspase activation. Many of these effects are mediated through the activation of specific p53-target genes. In addition, p53 is able to activate apoptotic pathways by transcription-independent mechanisms, under certain conditions. 33, 34 In agreement with previous studies demonstrating that doxorubicin induced HaCaT cells apoptosis through p53-independent pathway, 16 when cells were exposed for 24 h to EPI (0.0005, 0.00075, 0.001, and 0.002 mg/ml), the expression of p53 was decreased gradually confirming a p53-independent apoptosis (Figure 3 ).
EPI Induces an Increase of Caspase Activity
To explore whether EPI induced apoptosis through caspasedependent mechanism, western blot assays were performed to examine the activation of caspases as a decrease in pro-enzyme level and increase in active fragments.
There are at least two broad pathways that lead to apoptosis, an ''extrinsic'' and an ''intrinsic'' pathway. In both pathways, signalling results in the activation of a family of cysteine proteases, named caspases that act in a proteolytic cascade to dismantle and remove the dying cell. The extrinsic pathway begins outside a cell, when conditions in the extracellular environment determine that a cell must die. The intrinsic apoptosis pathway begins when an injury occurs within the cell. The injury could result in necrosis and produce an inflammatory response, but the apoptotic machinery is in place to ensure that the damaged cell is packaged and removed cleanly, in order to prevent inflammation. Initially, it was determined whether caspase-9 is required for EPI-induced apoptosis. As shown in Figure 4 , the treatment of cells for 24 h with EPI (0.0005, 0.00075, 0.001, and 0.002 mg/ml) induced cleavage of caspase-9 in a dose-dependent manner. Next, the involvement of caspase-3 was examined and the results showed a dose-dependent activation of the enzyme (Figure 4) . Altogether, these findings suggest that EPI induces the intrinsic pathway to trigger caspase-9 dependent cell death in HaCaT cells.
DISCUSSION EPI belongs to a family of anthracycline antibiotics showing therapeutic action against various malignancies such as breast, ovarian, pancreatic and gastric cancer, lymphomas and leukemia. Numerous toxic side-effects due to EPI administration to patients have been reported in literature; on the contrary, little is known about EPI toxicity in epithelial cells, following direct contact with the skin of healthy subjects handling the drug for occupational reasons. The occupational exposure to antiblastic drugs has been becoming a major concern, as most of the drugs commonly used in therapies showed mutagenic, teratogenic and carcinogenic effects. Till now, the evaluation of health risks associated with occupational exposure has mainly been focused on hospital and pharmacy staff, which has to handle the active principles before administration to patients. Actually, besides oncology department workers, exposure to cytostatics also concerns analysts of occupational medicine laboratories and workers of synthesis industries.
A growing body of evidence supports the view that the adoption of safe handling procedures together with collective and personal protective measures can effectively reduce the absorption risk. As one of the main routes of penetration of toxic agents is represented by the cutaneous absorption through hands skin, the choice of the optimal gloves to be adopted as personal protective equipment becomes critical.
Within this contest, the present study was aimed to fulfil the lack of data deriving from scientific independent studies investigating both the degree of protection of different gloves types with respect to EPI permeation and the drug toxicity toward epithelial cells. Permeation studies were performed considering that neutral solutions of the drugs are used in sanitary contexts, while other working activities may imply the use of drugs solutions at different pH. As a consequence, permeability experiments were carried out by miming both nurses' and laboratory analysts' working conditions, that is, by applying on the investigated gloves, EPI solutions at neutral and acid pH, respectively.
Two different materials, natural rubber and nitrile, as well as the influence of the glove thickness on permeability were tested. When gloves were kept in contact with EPI neutral solutions, no traces of EPI were found on the gloves internal side, demonstrating the impermeability of both tested materials towards the drug. In contrast, when considering the acid conditions, differences in the protection performances were obtained: natural rubber and 0.3 mm nitrile gloves were able to ensure impermeability up to 8 h contact time; while 0.1 mm nitrile gloves showed non-negligible EPI permeation immediately after the deposition of the drug on the glove. Permeation increased up to 1.4% (corresponding to 0.0272 mg of EPI) after 8 h of contact between the drug and the glove, further evidencing the non-adequacy of such glove thickness to ensure a safe cytostatic handling in acid environment. Thus, under such conditions the contact with skin of workers handling EPI becomes inevitable.
Recently, the authors investigated gloves' permeation performances against doxorubicin, another anthracycline used for therapeutic purposes as EPI. Despite structural analogies, if solubilized in acidic condition, EPI penetrates nitrile gloves much more than doxorubicin. Analogously to doxorubicin, no EPI permeation has been observed under physiologic condition. Up to now, there are no other reports that investigate acidic conditions, because literature studies have mainly been focused on the sanitary personnel, hence gloves permeability towards cytostatics was studied by dissolving drugs in physiologic solution. 17, 19 In particular, Wallemacq et al. 19 focused on controlled dynamic conditions (conditions even more ''stringent'' than the here described static ones), concluding that natural rubber and nitrile gloves displayed the highest resistance to permeation with respect to all the investigated cytotoxic agents. Besides, additional factors, such as duration of exposure, glove thickness and drug liposolubility and molecular weight, were hypothized to affect permeability. Here, the obtained results highlight also the importance of pH in determining gloves resistance toward cytostatics, as firstly stressed for doxorubicin. 16 Besides, on the basis of the findings reported for nitrile gloves under static acidic conditions, permeability even higher can be expected under dynamic conditions. These observations involve remarkable consequences in terms of risk evaluation and management, especially when results from toxicological experiments are taken into consideration.
Toxicity of EPI after direct skin contact was tested in terms of ability to induce apoptosis in HaCaT cells, a spontaneously transformed human epithelial cell line, with a close similarity in functional competence to normal keratinocytes. Therefore, these cells were chosen as a good cell model for studying the possible secondary effects on cutaneous cells exerted by the drug. Obtained results indicate that EPI is able to induce growth inhibition and apoptosis, as demonstrated and quantified by FACS analysis after annexin V-FITC/PI double-staining assay. The phenomenon was dose-dependent and was observed at concentrations as little as 0.0005 mg/ml. The effects were maximal when cells were kept in contact with 2 ml of 0.002 mg/ml EPI solution, corresponding to 0.004 mg. Such value is about 1/7 lower than the above reported amount of EPI permeating through the 0.1 mm nitrile glove in acid condition. Hence, it is greatly advisable to avoid the use of such gloves for working activities, implying the handling of EPI solutions at acid pH. Besides, toxicity experiments evidenced a higher toxic effect of EPI with respect to doxorubicin, for which maximal cell growth inhibition and apoptosis were obtained when 0.010 mg was used.
Summarizing, results of both permeation and skin toxicity experiments highlighted the primary importance of the most appropriate glove material selection to ensure an effective skin protection. Furthermore, the molecular mechanism associated with EPIinduced apoptosis was explored. Several studies demonstrated that in some systems, the disruption of p53 protein increases resistance to DNA damage-induced apoptosis, whereas in other systems, increases the sensitivity. It is probable that the type of response to DNA damage induced in cells depends on cell type, genetic status and the type of drug used to damage DNA. In agreement with previous results, showing that doxorubicin causes apoptosis in HaCaT cells by triggering mitochondria-associated intrinsic pathway without recruitment of p53, the here reported data evidenced a degradation of p53 induced by EPI in the same cell system, confirming a p53-independent apoptosis. In addition, EPI-induced apoptosis is dependent on the activation of initiator caspase-9 and downstream cleavage of effector caspase-3, indicating the involvement of intrinsic pathway.
CONCLUSIONS
The obtained data indicate that: (i) EPI permeability of gloves depends both on solutions pH and on gloves material and thickness; (ii) the amount of EPI able to permeate 0.1 mm nitrile gloves under acid conditions is greater than the one found for doxorubicin; (iii) once penetrated, EPI at concentrations lower than those able to penetrate the nitrile glove during the 8 h work-shift can cause apoptosis in epithelial cells, through activation of intrinsic pathway p53-independent.
The obtained findings suggest that, in order to prevent health risks for workers occupationally exposed to EPI, much care must be taken and, the choice of either natural rubbers gloves or high thickness nitrile ones as personal protective equipment is advisable. In particular, natural rubber or nitrile gloves should be used in health facilities, where EPI physiologic solutions are handled, while, in all occupational contexts involving the handling of EPI solved in acid environment, nitrile gloves can be used only if their thickness is greater than 0.1 mm.
